Heterocyclic aromatic amines (HCAs) ingested with heat-processed meat can contribute to colon cancer development. Those compounds interact with human intestinal microbiota. Under the research study, the effect was analyzed of IQ, MeIQx, or PhIP amines (each of them at 5 and 25 μg/ml concentration rates) on the growth (24 h cultivation in MRS broth) and survival (incubation for max. 120 h in a phosphate buffer) of four probiotic strains of Lactobacillus. It was found that no concentration level of the HCAs analyzed impacted the growth of bacteria. A higher concentration level of IQ (25 μg/ml) decreased the survival of Lb. casei 0900 after a 24 h period of incubation. MeIQx and PhIP also decreased the survival of Lb. paracasei 0919 after a 24 h period of incubation. Totally, the count of living cells decreased from 10 9 cfu/ml to 10 8 cfu/ml. Three strains were absolutely resistant to PhIP during a 120 h period of incubation. The results obtained prove that the probiotic bacteria studied maintain their high viability in the presence of the amines tested and, probably, they can bind together with them in human colon and, then, the aggregated particles are removed from the human body.
Introduction
2-Amino-3-methyl-3H-imidazo [4,5-ƒ] quinoline (IQ), 2-amino-3,8-dimethyl-3H-imidazo [4,5-ƒ] quinoxaline (MeIQx) and 2-amino-1-methyl-6-phenyl-1H-imidazo [4,5-b] pyridine (PhIP) are heterocyclic aromatic amines (HCAs) formed in a heated muscle tissue, e.g. in the roasted and grilled meat and fish as a result of interactions between amino acids, sugars, and creatinine [20, 24] . Those compounds can contribute to the genotoxic or carcinogenic load within colon. Together with other factors (e.g. toxic metabolites of protein fermentation, increased colonic fat), they may account for an increased risk of colorectal cancer (CRC) associated with the processed meat [22] . Additionally, the colonic microbiota can transiently respond to dietary intake. Meat rich diets affect the microbial composition towards a profile with more effective metabolizers of heterocyclic aromatic amines, which, in turn, may increase the risk of CRC development [3] . Probiotics are capable of transient modulation of the gut microbiota and their beneficial effects include the prevention of CRC by scavenging toxic compounds, e.g. HCA, and the prevention of their generation in situ [2] .
A large number of reports exist to describe the adsorption or the binding by lactic acid bacteria (LAB) of a variety of food-borne HCAs in vitro; in some of those studies, a concomitant decrease in mutagenicity was reported [4, 8, 11, 16, 17, 19, 25] . Nevertheless, nothing is known about direct toxic effects of HCAs on certain species of probiotic lactic acid bacteria. In the previous research, the toxicity was assessed of major products of the bacterial aromatic amino acids metabolism in the colon (phenolic and indolic compounds) [15] .
The objective of the study was to evaluate the ability of probiotic lactobacilli of human origin to grow and survive in the presence of three heterocyclic aromatic amines that occur most commonly, i.e.: IQ, MeIQx, and PhIP, and to determine whether of not there are differences in reactions between the LAB strains and those compounds.
Materials and Methods

Strains and carcinogens
The following probiotic Lactobacillus strains were analyzed: Lb. casei ŁOCK 0900, Lb. casei ŁOCK 0908, and Lb. paracasei ŁOCK 0919. They were acquired from a collection owned by the Institute of Fermentation Technology and Microbiology (ŁOCK 105), Lodz University of Technology, Poland. The strains are licensed (Nos. P-382760, P-382761, P-382762), their complete probiotic documentation is available, and they are kept by the Institute of Immunology and Experimental Therapy, Polish Academy of Sciences in Wroclaw, Poland (Nos. B/00019, B/00020, B/00021). Lb. plantarum ŁOCK 0945 originated from the same Institute; its complete probiotic documentation exists (the strain is under the licensing process), and it is kept by the Department of Molecular Microbiology of the National Medicines Institute in Warsaw, Poland.
To maintain the activity of the strains, 24-hour cultures in MRS broth (Merck) were frozen at -20 °C with the addition of 20 % glycerol. Prior to application, the bacteria were activated twice in a liquid MRS broth (3 % inoculum) and incubated for 24 h at 37 °C in 5 % CO 2 (in a New Brunswick CO 2 incubator). The stock cultures used in the experiments were stored at 4 -5 °C. The 24-hour cultures of bacteria in MRS broth were used as an inoculum (3 %); the cell density was 10 9 cfu/ml. The following HCAs were used: IQ (2-amino-3-methyl-3H-imidazo [4,5-ƒ] 
Cultivation of bacteria in MRS broth
To determine the impact of IQ, MeIQx or PhIP on the growth of lactobacilli during a 24 h period, the cells (3 % inoculum) were incubated in a liquid MRS broth at 37 °C in 5 % CO 2 with IQ, MeIQx, and PhIP added at 5 and 25 μg/ml concentration rates of each amine separately. The control samples were bacterial cultures without HCA. To study the impact of carcinogens on the growth of bacteria, the quantity of living cells was counted using a Koch's plate method. One ml of each culture was diluted in a sterile saline (0.85 % NaCl) and the serial dilutions of the culture were transferred onto plates along with MRS broth (with 1.5 % agar). The cell number was determined at '0' time and after a 24 h period of incubation; it was expressed as cfu/ml (colony forming units/ml). Every sample of a given concentration level was 4 times plated and a standard deviation (± SD) was calculated for each one. The differences among the means were compared using a one-way analysis of variance (ANOVA, p < 0.01).
Incubation of bacteria in phosphate buffer
In order to assess the survival of non-growing lactobacilli in the presence of IQ, MeIQx, or PhIP, the 24-hour cultures in MRS broth were centrifuged (10700 × g for 10 min), washed using 20 ml of a sterile 0.2 M phosphate buffer (pH = 6.2 -6.3), and once more centrifuged. Next, the cells were re-suspended in the buffer of a cell density being 10 9 -10 10 cfu/ml using 5 and 25 μg/ml of each amine separately, and incubated for 120 h (5 days) at 37 ºC in 5 % CO 2 . Control samples were cell suspensions of each strain with no amine added.
In order to estimate the number of living cells, a pour plate method was applied every 24 or 48 hours, i.e.: bacteria were plated using MRS broth (with addition of 1.5 % agar) and incubated for 24 h at 37 ºC in 5 % CO 2 . The colonies were counted after every period of 48 h incubation, and, as a result, survival curves for each strain and mutagen concentration were obtained. The differences among the means were compared using a one-way analysis of variance (p < 0.01).
Results
Impact of HCAs on growth of probiotic bacteria
No difference was found in the number of living bacterial cells (after a period of 24h incubation with carcinogens in MRS medium) compared to the control sample (Tab. 1). Thus, all the Lactobacillus strains were able to grow in the presence of 5 and 25 μg/ml of IQ, MeIQx, or PhIP. Only as regards Lb. casei 0900, a slight decrease in the number of living cells was reported in the presence of 25 μg/ml of PhIP (p < 0.01). Table 1 . Impact of IQ, MeIQx, and PhIP on growth (log CFU/ml) of probiotic Lactobacillus strains after a period of 24 h incubation in MRS medium. 
Impact of HCAs on survival of probiotic bacteria
Compared to the control sample, 5 μg/ml of every amine had no impact on the survival of bacteria in the phosphate buffer. As shown in Figure 1 , a 5-times higher concentration of IQ, MeIQx, and PhIP (25 μg/ml) had a clear impact on the survival of non-growing lactobacilli during 120h incubation, and it was strain dependent. • kontrola, Δ 25 μg/ml IQ, □ 25 μg/ml MeIQx, ○ 25 μg/ml PhIP.
In the presence of IQ, the number of viable cells of Lb. casei 0900 decreased after the 24h period of incubation; the decrease continued until the incubation period was 120h, and it was significantly different from the control sample (p < 0.01) (Fig. 1a) . As for Lb. casei 0908 (Fig. 1b) , a significant decrease in the number of living cells was reported after the 24h incubation period in the presence of MeIQx, and the ability of bacteria to survive decreased along with the increasing time of incubation. Lb. paracasei 0919 was significantly affected by MeIQx and PhIP from the beginning of incubation (Fig. 1c) (p < 0.01) .
So, Lb. casei 0908 and Lb. paracasei 0919 appeared to be the most sensitive to MeIQx, and the higher concentration of the compound in the environment, the less Log CFU/mL / Log jtk/ml
Lb. casei 0900 Lb. casei 0908
Lb. paracasei 0919
Lb. plantarum 0945 viable cells. PhIP and IQ did not affect 3 strains at all; until the period of 120 h, the change in the number of viable cells thereof was the same as that in the control sample (p < 0.01). Lb. plantarum 0945 was resistant to all the amines at the concentrations analyzed (Fig. 1d) (p < 0.01).
Discussion
Colorectal cancer is the third most prevalent cancer in humans. One of the recognised risk factors includes a diet rich in heat-processed meats [10] . The consumption of HCAs is very low; however, several compounds are consumed at the same time. The estimations performed show that human exposure to HCA ranges between a few ng/day and μg/day depending on the dietary and cooking habits. The daily intake level of IQ is 1 ng, of MeIQx between 9.8 and 135 ng, and of PhIP between 39 and 458 ng per one adult person [1, 5, 9, 12, 18] . It is important to remember that HCAs occur in wine, beer, cigarette smoke, exhaust fumes, as well as in many other products; thus, the genuine human exposition to the carcinogens is unknown.
Under the research study, IQ, MeIQx, and PhIP were analyzed at high concentration levels; in the case of IQ, the concentration level was as high as 25 μg/ml; although such levels are unrealistic for consumers, they are not toxic for bacteria during a 120h period of incubation. In many reports, much lower and much higher concentrations (1, 10, 100 and 1000 mg/l) of HCA were investigated [23] . The objective of the study was to study the phenomenon in vitro. Our probiotic strains are resistant to even high concentrations of IQ, MeIQx, and PhIP. As for human gastrointestinal tracts, most substances spend, on average, 24 to 72 hours therein; 18 -64 h of this period, they are in the large bowel; that is why the transit time is mainly a colonic event [6] . When considering the colonic transit time, the incubation of bacteria in the phosphate buffer continued for 120h. Colon transit time varies greatly from person to person and it depends on such factors as diet, stress, hormones, colonic anatomy, microbiota, age (old persons), sex (females more often), physical activity, and colon disturbances (e.g. irritable bowel syndrome). All the named factors can lead to constipations and a slow transit time; all this is associated with the prevalence of large bowel disorders, particularly with colon cancer [6, 21] .
Probiotic lactobacilli can reduce the colonic transit time when carcinogens within the colon are in contact with the intestinal mucous, thereby they can suppress carcinogenesis. It was reported that Bifidobacterium animalis DN 173010 reduce the colonic transit time in healthy women [13] . Probiotics bind with HCAs and, in this way, remove carcinogens from the human body; it is a very important characteristic of probiotics. As soon as the bacterial cells absorb carcinogens, they are excreted in faeces and the colon epithelial cells are no longer exposed to the impact of those compounds.
In the research study, all the lactobacilli appeared to be mostly resistant to high concentration levels (25 μg/m) of PhIP, i.e. to the amine most commonly occurring in diets; its daily intake by humans is the highest among all HCAs [7] . Of all HCAs, this amine appears to be the most mutagenic and genotoxic for colonic epithelial cells [14] . Lactobacilli revealed their definite sensitivity to IQ, MeIQx, and PhIP. Lb. casei 0900 was the most sensitive to IQ, Lb. casei 0908, Lb. paracasei 0919 to MeIQx and PhIP, and Lb. plantarum 0945 was resistant to all the amines analyzed. Generally, the number of living cells of bacteria decreased from the initial 10 9 to 10 7 CFU/ml during 120h; this decrease was reported even in the case of the control sample. IQ, MeIQx, and PhIP slightly affected the viability of the probiotic lactic acid bacteria tested (p < 0.01). The impact of those compounds depended on the dosage and the compound itself.
Conclusion
The conclusion is that none of the IQ, MeIQx, and PhIP amines (5 and 25 μg/ml) impacted the growth of probiotic lactobacilli in MRS broth. Additionally, the probiotic strains had a high viability level in their presence during a period up to 120 h (normal colon transit time). Thus, probably, the probiotic bacteria can efficiently interact with HCAs in the human body (so that they bind with them and, then, are removed in faeces).
